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Abstract 
This work describes the use of nanoporous gold as an electrode material for biosensing applications.  Nanoporous 
gold electrodes are fabricated, and their electrochemical performance is compared to plain gold electrodes of similar 
dimensions.  For the detection of potassium ferricyanide, the nanoporous gold electrodes show improved sensitivity 
and higher currents compared to planar gold electrodes.  Furthermore, the nanoporous electrodes show slower 
adsorption kinetics and maintain a significantly higher active electrochemical surface area in the presence of 
fragmented amyloid beta proteins.   
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1. Introduction 
The use of electrochemical sensors in biosensing applications has been an area of interest due to their 
capability of providing quick and accurate detection and measurement of molecular species in 
applications where lengthy chemical assays are too time consuming. Among these applications are in-
vivo studies where many of the chemical species of interest have short half-lives. A key challenge of 
using electrochemical sensors in these applications, however, is that these electrodes are susceptible to 
biofouling of the electrochemical surface area due to protein adsorption from surrounding tissue which in 
turn causes the sensor to fail [1]. Nanoporous gold is an ideal electrode material for biosensing 
applications not only because of the material’s chemical stability and biocompatibility, but more 
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importantly, because its porosity provides for a larger surface area to volume ratio than conventional gold 
electrodes [2]. Here we present the use of nanoporous gold as an electrode that demonstrates improved 
sensitivity over typical gold, as well as resistance to biofouling.  
2. Experimental 
2.1. Fabrication 
On precleaned pyrex glass slides, Au/Ti film was deposited by e-beam evaporation to a thickness of  
150 nm to form bare gold electrodes. Nanoporous gold electrodes were fabricated by electrodepositing 
white gold (33% Au, 67% Ag) films onto bare gold electrodes and then subsequently de-alloying these 
films of their silver content using concentrated nitric acid as described in [3].  A planar gold electrode 
was polished using a 0.05 um alumina slurry and rinsed in deionized water.  A 10 mM solution of 
potassium dicyanoargentate salt was combined with a 10mM solution of potassium dicyanoaurate salt in 
the volumetric ratio of 3:1.  A white gold film was deposited by immersing the planar gold electrode in 
the solution and applying a potential of -1.2V for 180 seconds.  This white gold film was then de-alloyed 
of the silver content by immersing the electrode in concentrated nitric acid (70%) for twenty minutes.   
2.2. Electrochemical measurements 
Electrochemical testing was carried out using the CHI-400 electrochemical workstation (CH 
Instruments, Inc., USA).   In order to determine the electrochemical performance, a three electrode set up 
was used with a commercial Ag/AgCl electrode (World Precision Instruments, USA) as the reference, a 
platinum wire as the counter, and the nanoporous gold or plain gold electrodes as the working electrode.  
Potassium ferricyanide solutions were freshly prepared from potassium ferricyanide salt dissolved in 0.1 
M phosphate buffer followed by serial dilution to the desired concentrations.  The phosphate buffer was 
prepared from 3.117 g of monosodium phosphate monohydrate and 10.99 g of sodium phosphate dibasic 
anhydrous diluted to 1000 ml with deionized water. All the chemicals were purchased from Fischer 
Scientific, USA.  Fragmented amyloid beta protein 1-40 (Sigma-Aldrich) dissolved in 0.1 M phosphate 
was used to study the effect of biofouling on the electrodes’ performances. The sensitivity of each 
electrode was obtained by using chronoamperometry to measure the current against concentrations of 
potassium ferricyanide of 1-9 mM at a fixed potential of 0.3 V.  The effect of biofouling on the 
electrochemical performance was determined by using cyclic voltammetry to measure the peak current 
over time of a 5 mM potassium ferricyanide solution containing the fragmented amyloid beta protein 1-40 
solution at a concentration of 0.33 mg/ml. 
 
 
 
 
 
 
 
 
 
(a)       (b) 
 Fig. 1. (a)  Optical image of fabricated electrode; (b) SEM image of nanoporous gold surface. 
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3. Results and discussion 
Fig. 1 shows the results of the electrode fabrication.  During the de-alloying of silver, silver atoms are 
removed from the alloy, while gold atoms are rearranged into a network of ligands of uniform thickness 
[3]. A scanning electron microscope image (Fig. 1b) confirms that the resulting electrodes possess pores 
with diameters ranging from 10 to 20 nm.   
Electrochemical tests, in a 0.1 M phosphate buffer, show that for the detection of potassium 
ferricyanide, nanoporous electrodes have a sensitivity of 12.77 nA/mM, while planar gold electrodes, of 
the same dimension, have a sensitivity almost half that at 7.47 nA/mM (Fig. 2a).  The improved 
sensitivity of the nanoporous electrodes can be attributed to the material’s porosity which results in a 
larger electrochemical surface area than that of the conventional planar gold electrodes.   
In order to determine if the electrochemical behavior of the electrodes is governed by a linear diffusion 
mechanism, the Randles-Sevcik reaction is used: 
ip = (2.69x105)n3/2ACD1/2v1/2  (1) 
 where ip is the peak current, n is the number of electrons transferred, A is the active area of the electrode, 
C is the bulk concentration of the reactive species, D is the diffusion coefficient, and v is the scan rate. 
Fig. 2b shows (peak current versus the square-root of the scanning rate) that the mechanism of diffusion 
to the electrode surface is linear for both materials and rather similar.   
  
 
 
 
 
 
 
                                              (a)                                                                                     (b) 
Fig. 2. (a) Calibration curve of steady state current versus K4Fe(CN)6 concentration for nanoporous gold & plain gold 
electrodes; (b) Variation of peak current with the sq. root of scan rate (mV/sec)1/2 for nanoporous gold & plain gold. 
 
 
 
 
 
 
 
Fig. 3. Variation of peak current with time in the presence of protein for nanoporous and plain gold electrodes. 
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Fig. 4. Cyclic voltommetry response of nanoporous gold (red) and plain gold (blue) electrode in electrolyte 
containing 10 mM K4Fe(CN)6 and 0.1 M PBS before protein addition (solid) and after 30 minutes of protein exposure 
(dotted). 
Fig. 3 shows that when tested in the presence of amyloid beta protein, the nanoporous gold electrodes, 
which reached a plateau after 10 minutes, show slower adsorption kinetics than the planar gold 
electrodes, which did the same after only 2 minutes of protein exposure.  The nanoporous gold’s peak 
current is reduced by only 13%, while the planar gold electrodes peak current is reduced by 96.5%.  The 
slower adsorption kinetics can be attributed to the small pore sizes (10-20 nm) which restrict the 
adsorption of the large protein molecules (~15-30 nm), while still allowing the diffusion of the smaller 
potassium ferricyanide target molecule ( ~0.5-1 nm) inside the nanoporous gold’s pores. 
Fig. 4 shows that even after thirty minutes of protein exposure, the nanoporous gold electrodes have 
the ability to maintain an active electrochemical surface area, while the planar gold electrodes are almost 
completely passivated.  The reduction of the peak current due to biofouling is indicated by the arrows in 
Fig 4.  The ability of the nanoporous gold to maintain an active electrochemical surface area is likely due 
to the bulk of the area residing inside the porosity where the potassium ferricyanide molecules can diffuse, 
but the protein molecules cannot. 
4. Conclusion 
 This study shows that nanoporous gold electrodes have improved sensitivity for the detection of 
potassium ferricyanide when compared to conventional planar gold electrodes. Nanoporous gold 
electrodes show slower adsorption kinetics for fragmented amyloid beta protein than planar gold.  The 
nanoporous gold is able to maintain its active electrochemical surface area after prolonged exposure to 
the protein, while the planar gold is almost completely passivated.  These results show promise for a 
biosensor that can work for prolonged time periods in the presence of proteins without sensor failure. 
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